Introduction
The study of copper(I) networks has been particularly intensive in recent recent years as a result of the structural flexibility and diversity of this d Bridging of Cu(I) centers by halide and pseudo halide ligands with or without additional bridging organic ligands produces networks with a wide and often unpredictable variety of structural motifs [3] . In contrast, the use of non-coordinating anions allows for greater control over networking behavior through manipulation of metal:organic ligand stoichiometry. Thus, when two bidentate bridging ligands per copper atom are used, 3-D diamondoid networks [Cu(bridge) 2 ] + are typically produced [4] . The addition of monodentate "capping" ligands, may be used to reduce network dimensionality. For example, the use of two equivalents of PPh 3 per Cu(I) produces the Cu(PPh 3 ) 2 + secondary building unit (SBU), which has been shown to produce metal-organic polymers and oligomers with bridge = pyrazine, 4,4'-dipyridine, and 3,4'-dipyridine compounds are ternary in nature, requiring the use of SBUs with capping ligands to restrict network growth. Here, we report the formation of dimers and polymers of the SBU Cu(PPh 3 ) 2 + using the isomers of dicyanobenzene (DCB) and cyanopyridine (CPy) as bridging ligands.
Experimental

General methods
All syntheses were carried out under nitrogen or argon atmosphere. Microanalyses for C, H, and N were carried out by Atlantic Microlab, Inc., Norcross, GA. All ligands were purchased from Aldrich or Acros. o-Dicyanobenzene (oDCB) and m-dicyanobenzene (mDCB) were recrystallized from 95% ethanol, and m-cyanopyridine (mCPy) was recrystallized from xylenes/hexanes. All other ligands were used as received. [Cu(NCMe) 4 ]BF 4 was prepared from Cu 2 O and HBF 4 in acetonitrile as described in the literature [10] . Toluene was dried over CaH 2 .
Proton NMR spectra were collected in 5 mm o.d. NMR tubes on a Varian Mercury 400VX NMR spectrometer operating in the pulse Fourier transform mode. Chemical shifts were measured with respect to internal solvent. All coupling constants are reported in Hz and J HH . Thermogravimetric analyses (TGA) were conducted using a TA Instruments Q500 in the dynamic (variable temp.) mode with a maximum heating rate of 50 o C/min. to 800 o C under 60 mL/min. N 2 flow. Steadystate photoluminescence spectra were recorded with a Model QuantaMaster-1046 photoluminescence spectrophotometer from Photon Technology International. The instrument was equipped with two excitation monochromators and a single emission monochromator with a 75W xenon lamp. [Cu 2 . Calcd for CuF: 9.5. Found: 9.8 (350-560 ºC).
Synthesis of Complexes
{[Cu(PPh 3 ) 2 (mDCB)](BF 4 )} ∞ (2)
The procedure for 1 was followed using mDCB. A white solid was isolated (93%). 1 H NMR (CDCl 3 /DMSO-D 6 ) δ 8.38 (s, 1 H, mDCB), 8.14 (d, J = 8.0, 2 H, mDCB), 7.79 (t, J = 7.8, 1 H, mDCB), 7.47 (t, J = 7.4, 6 H, PPh 3 ), 7.36 (t, J = 7.6, 12 H, PPh 3 ), 7.29 (br s, 12 H, PPh 3 ). Anal.
Calcd for C 44 H 34 N 2 BCuF 4 P 2 : C, 65.81; H, 4.27; N, 3.49. Found: C, 64.16; H, 4.26; N, 3.47 . TGA Calcd for Cu 2 (PPh 3 ) 4 (BF 4 ) 2 : 84.1. . Calcd for CuBF . Calcd for CuF: 9.5. Found: 9.5 (280-465 ºC).
{[Cu(PPh 3 ) 2 (pDCB)](BF 4 )} ∞ (3)
The procedure for 1 was followed using pDCB. A yellow solid was isolated (92%). 1 H NMR (CDCl 3 /DMSO-d 6 ) δ 8.04 (s, 4 H, pDCB), 7.47 (t, J = 7.4, 6 H, PPh 3 ), 7.36 (t, J = 7.4, 12 H, PPh 3 ), 7.29 (br s, 12 H, PPh 3 ). Anal. Calcd for C 44 H 34 N 2 BCuF 4 P 2 : C, 65.81; H, 4.27; N, 3.49. Found: C, 65.66; H, 4.41; N, 3.46 . TGA Calcd for Cu 2 (PPh 3 ) 4 (BF 4 ) 2 : 84.1. . Calcd for CuBF . Calcd for CuF: 9.5. Found: 11.6 (295-455 ºC (4) The procedure for 1 was followed using oCPy. A golden-yellow solid was isolated (77% , 4.40; N, 3.60. Found: C, 64.52; H, 4.73; N, 3.59. TGA Calcd for CuBF . Calcd for CuF: 10.6. Found: 10.1 (290-500 ºC).
[Cu 3 (PPh 3 ) 6 
(mCPy) 3 ](BF 4 ) 3 (5)
The procedure for 1 was followed using mCPy. A white solid was isolated (83% (6) The procedure for 1 was followed using pCPy. A bright yellow solid was isolated (96% , 4.40; N, 3.60. Found: C, 64.48; H, 4.47; N, 3.59 . TGA Calcd for Cu 2 (PPh 3 ) 4 (BF 4 ) 2 : 86. . Calcd for CuBF . Calcd for CuF: 9.9. Found: 9.6 (335-455 ºC).
Crystallizations
All compounds except 3 and 6 were separately crystallized from CHCl 3 and CH 2 Cl 2 solutions with ether diffusion. Compound 3 was insufficiently soluble in CHCl 3 and was crystallized from CH 2 Cl 2 solution only; compound 6 was not soluble in either chlorinated solvent, and was therefore crystallized from acetone solution. Compound 1 was additionally crystallized from THF and acetone solutions. In all cases, the compound was dissolved in the appropriate solvent at 30 mM (monomer basis) and the solution was layered in 5 mm tubes or 1 or 2 dram vials with ethyl ether and allowed to stand at ambient temperature. In all cases crystals resulted within a few days. Structures 1a, 1b, 1c, 3a, 3b, 4a , and 5 were solved from crystals grown in CH 2 Cl 2 /ether. The structures of 1d and 2 were solved from crystals grown in CHCl 3 /ether, and those of 1e and 6a were solved from crystals grown in THF/ether and acetone/ether, respectively.
X-ray data collection, structure solutions and refinements
All measurements were made using graphite-monochromated Cu K radiation on a Bruker-AXS three-circle diffractometer, equipped with a SMART Apex II CCD detector. Initial space group determination was based on a matrix consisting of 120 frames. The data were corrected for Lorentz and polarization [11] effects and absorption using SADABS [12] . The structures were solved by use of intrinsic phasing or direct methods. Least squares refinement on F 2 was used for all reflections. Structure solution was performed using the SHELXTL [13] package of software. Least-squares refinement was carried out for all structures on F 2 using ShelXle [14] . The non-hydrogen atoms were refined anisotropically. Crystallographic parameters for all complexes are provided in Table 2 . Selected bond lengths and angles are provided in Table   3 .
Results and discussion
Synthesis
Reaction of one equivalent of the solvento-Cu(I) compound [Cu(NCMe) 4 :DCB/CPy. In order to replace all of the acetonitrile ligands, the toluene suspensions were refluxed for 18-20 hours prior to work-up. In each case, pure products were collected directly from the suspension after washing with ethyl ether. The carbon analyses for compounds 1, 2, and 5 were found to be 1.6-2.7% lower than expected, probably due to traces of included solvent. The six product compounds were formed in in good to nearly quantitative yield. The lowest yield was noted for the oCPy product (77%), in which case only the toluene filtrate retained significant yellow color. The polymeric products of mDCB, pDCB, and pCPy described below were also formed when reactions were carried out in refluxing CH 2 Cl 2 or CHCl 3 . However, in the cases of oDCB, oCPy, and mCPy, reflux in chlorinated solvents led to the formation of the known bis(acetonitrile) complex, [Cu(PPh 3 ) 2 (NCMe) 2 ]BF 4 [15] rather than the oligomeric products decribed below. Therefore, the higher-boiling toluene was chosen as the preferred reaction solvent. In one case (oCPy complex, 4, see below) a toluene solvate was formed. The toluene could be removed from 4 via vacuum drying. However, crystallization of the undried product from CH 2 Cl 2 /ether yielded a toluene solvate structure.
Although the CuBF 4 :PPh 3 :DCB/CPy stoichiometry of all six complexes was determined to be 1:2:1 by elemental analysis, the degree of oligomerization as identified via X-ray crystallography (see below) varied depending upon the ligand used. Thus, the oDCB complex (1) proved to be a cyclic dimer: [Cu 2 (6) . However, unlike mDCB, mCPy formed a cyclic trimer [Cu 3 (PPh 3 ) 6 (mCPy) 3 ](BF 4 ) 3 (5) rather than a polymer.
Ortho and para complexes 1, 3, 4, and 6 appeared yellow under visible light and were brightly emissive in the yellow to blue-green region under 365 nm black light irradiation. In contrast the meta complexes 2 and 5 were both white under visible light and brightly emissive in the blue region under black light (see below).
X-ray Structures Solvated o-Dicyanobenzene Dimers
It was readily apparent that compound 1 (oDCB dimer complex) was highly subject to solvent inclusion in the crystal lattice. Therefore, crystals of the solvent-free yellow powder initially precipitated from toluene were grown from CH 2 Cl 2 , CHCl 3 , THF, and acetone solutions via liquid diffusion of ethyl ether. Compound 1 yielded a mixture of yellow and nearly colorless block crystals when grown from all solvent combinations, except acetone/ether. The distribution of solvent-free (1a) and solvent-containing (1b-1e) crystals in these experiments is summarized in Table 1 . In situ photographs of these crystals under room light and 365 nm black light are shown in Figures 1 and S1 (supporting information). The yellow solvent-free crystals dominated when 1 was crystallized from chlorinated solvents and acetone (in the latter case 1a was the only product). Colorless solvent-containing crystals were dominant only in the case of THF solvent.
Slower crystallization (e.g. in the freezer) tended to produce higher proportion of solvento crystals. In addition, allowing a mixture of the two crystal types to remain under the crystallization solvent caused slow conversion: yellow → colorless. While the yellow crystals exhibited intense yellow luminescence emission under 365 nm black light, the colorless crystals showed greatly diminished luminescence emission. The X-ray structure of the cubic yellow blocks that grew from 1 in all solvents used showed a solvent-free dimeric compound [Cu 2 Crystallization of 1 from CH 2 Cl 2 /ether gave colorless blocks in addition to the yellow 1a crystals described above. Amongst these colorless blocks, two closely-related crystal compositions were identified: [Cu 2 Similar to 1a, but in contrast to 1b, the dimer in solvate complex 1c was centered on an inversion site located at the center of the 14-membered ring. As for 1b, the CH 2 Cl 2 molecule in 1c lay on an inversion center postion. Thus, both the dimer unit and the solvent in 1c are halfindependent. The bond lengths and angles are relatively similar to those of 1a and 1b; however, the N−Cu−N is rather small and P−Cu−P is rather large: 95.46(7) and 123.86(2)°, respectively.
The oDCB ring itself is slightly less planar that those in 1a or 1b, but as is the case in 1a, the two values in the range of 6.76-6.98 Å are somewhat longer than those seen for oDCB (6.162-6.566 Å). This is probably the result of the more rigid ligands used in the literature structures.
m-and p-Dicyanobenzene Polymers
Crystallization of [Cu(PPh 3 (see Figures 5, 6 , and S12) and triclinic 3b (see Figures 6, S13 and S14) . Both structures show a zigzag polymer arrangement with one molecule of CH 2 Cl 2 per monomer unit in the lattice. An overlay of the polymorphs is shown in Figure 6 . In both polymorphs, the crystallographic repeat The pCPy complex (6) proved to be a polymer (see Figures 9, S18 , and S19), crystallizing from acetone as a hemi-acetone solvate (6a) in the monoclinic space group C2/c. In 102.45°. As was noted for the other polymers herein, the polymer chain is slightly helical. Bond lengths and angles in 6 are unremarkable, except for the exceptionally large P-Cu-P of 132.34(7), the largest such value seen in this study. 
Photophysics
Solid state luminescence studies show moderate to intense response for compounds 1-6, as shown in Table 4 and 485 nm, respectively. Interestingly, complex 5, the corresponding mCPy species, also exhibits the shortest emission wavelength amongst CPy species.
Comparing the DCB complexes to their CPy analogs, it will be noted that in all cases the room temperature Stokes shifts are much larger for the CPy complexes. Interestingly, oDCB and oCPy both yield emission at a wavelength of 518 nm. Nevertheless, the stark difference in Stokes shift between oDCB and oCPy complexes is still seen. The meta and para ligands reveal a red shift as DCB ligands are replaced with CPy. While solid state quantum yields were not determined, emission intensity differences amongst the complexes were apparent. Replacement of DCB with CPy results in a drastic decrease in emission intensity for the meta and para complexes. Conversely, the ortho species (1 and 4) show an increase in emission intensity when the oDCB ligand is replaced with oCPy. As a result, complex 4 clearly shows the highest emission intensity of the CPy species, while 2 and 3 show the stronger emission intensities amongst the DCB species. Figure 10 . Solid state luminescence excitation spectra of 1-6 at 298 K. Emission monitored at  max for each complex (see Table 4 ). Figure 11 . Solid state luminescence emission spectra of 1-6 at 298 K. Excitation carried out at  max for each complex (see Table 4 ).
Metal-to-ligand charge transfer (MLCT) has been identified as underlying the intense luminescence noted in previous studies of pyridine-type diimine Cu(I) complexes [5] , [18] . In these previous cases, the Stokes shifts have been relatively large, in the range of 9,000−11,000 [5] . In the present work, the dicyanoaromatic complexes 1 and 3
showed remarkably small Stokes shifts in the range of 5350 and 5820 cm 
Conclusions
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